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Birth weight has been inversely associated with later blood pressure. Firstborns tend to have lower birth weight 
than their later-born peers, but the long-term consequences remain unclear. The study objective was to investigate 
differences between firstborn and later-born individuals in early growth patterns, body composition, and blood 
pressure in Brazilian adolescents. The authors studied 453 adolescents aged 13.3 years from the prospective 
1993 Pelotas Birth Cohort. Anthropometry, blood pressure, physical activity by accelerometry, and body compo- 
sition by deuterium were measured. Firstborns (n = 1 43) had significantly lower birth weight than later borns (n =310). 
At 4 years, firstborns had significantly greater weight and height, indicating a substantial overshoot in catch-up 
growth. In adolescence, firstborns had significantly greater height and blood pressure and a lower activity level. 
The difference in systolic blood pressure could be attributed to variability in early growth and that in diastolic blood 
pressure to reduced physical activity. The magnitude of increased blood pressure is clinically significant; hence, 
birth order is an important developmental predictor of cardiovascular risk in this population. Firstborns may be more 
sensitive to environmental factors that promote catch-up growth, and this information could potentially be used in 
nutritional management to prevent catch-up "overshoot." 

birth order; blood pressure; body composition; growth; motor activity 



Abbreviations: ALSPAC, Avon Longitudinal Study of Pregnancy and Childhood; CI, confidence interval; SD, standard deviation; 
WHO, World Health Organization. 



Small size at birth has been associated in many studies with 
increased blood pressure in adolescence or adulthood (1). 
Initial research emphasized maternal and fetal malnutrition 
as a potential important mechanism (2), a hypothesis supported 
by experimental animal studies (3). However, associations with 
blood pressure hold across the whole range of birth weight, 
suggesting that a wide range of factors may be relevant. 

Firstborn infants tend to have lower birth weight than later- 
born infants (4-7). In data from 3 Norwegian cities between 
1860 and 1984, there was a substantial increase (approx- 
imately 200 g) in birth weight between the first and second 
pregnancies, followed by a much smaller increase (approx- 
imately 30 g) with each succeeding pregnancy (8). Physio- 
logic studies have suggested possible anatomic explanations 
for the reduced birth weight of firstborns. During a mother's 



first pregnancy, structural changes take place in the uterine 
spiral arteries, increasing blood flow with beneficial effects 
for fetal growth (9). These changes do not completely disap- 
pear following the pregnancy, such that subsequent offspring 
are from the start of pregnancy exposed to reduced vascular 
resistance and hence greater uterine blood flow compared 
with firstborns, promoting fetal growth (9). 

The longer-term implications of these birth order associa- 
tions remain unclear, in part because of inconsistent findings 
in previous studies and in part because of the possibility that 
both social and biologic mechanisms may be relevant. In 
some populations, firstborns remain shorter than later borns 
in adulthood (10), whereas other studies indicate that firstborns 
become significantly taller than later borns (11-13). Tanner 
(11) suggested that firstborn children may benefit from being 
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the only child during their early life, resulting in improved 
nutrition and greater final size. Given the reduced birth weight 
of firstborns, this implies a tendency for infant catch-up growth 
to resolve early growth deficits. 

Both low birth weight and rapid weight gain, particularly 
after the age of 2 years, are independent factors for cardiovas- 
cular risk (1, 14, 15), and recently we found that firstborns 
do indeed have elevated cardiovascular risk in Brazilian young 
adult men (13). We therefore investigated a second Brazilian 
birth cohort in order to determine in greater detail associations 
between birth order and subsequent phenotype. We investi- 
gated the association between birth order and 1) birth size, 
2) postnatal growth rate, 3) adolescent body size, body com- 
position, and physical activity level, and 4) adolescent blood 
pressure in the prospective 1993 Pelotas Birth Cohort Study. 
We tested the hypothesis that firstborns and later borns differ 
in each of these outcomes, and that these associations are in- 
dependent of family size. 

MATERIALS AND METHODS 
Subjects 

The 1993 Pelotas Birth Cohort recruited 5,249 individuals 
(16). Data on early growth at 6, 12, and 48 months were 
collected in a subsample of 1 ,272. For this study, we randomly 
selected 13% of those bom in each calendar month of the year 
This identified 655 individuals at 1 month of age, of whom 
453 with full data at previous time points were successfully 
located and studied in adolescence. These individuals under- 
went measurements of body composition by deuterium dilu- 
tion, physical activity by accelerometry, and blood pressure 
at 13.3 years. Birth order, based on the number of pregnancies, 
was obtained by maternal questionnaire at the time of recruit- 
ment. Ethics approval was obtained from the Federal Univer- 
sity of Pelotas Medical School Ethics Committee. 

Anthropometry 

Birth weight and length were measured at the hospital by 
the research team. Weight and length or height at 6, 12, and 
48 months were measured at the cohort participant's house- 
hold. At the 13.3-year visit, weight and height were again 
measured. 

Body composition and pubertal stage 

Body composition in adolescence was measured by using 
deuterium (17). Briefly, each adolescent was given a drink 
containing approximately 0.05 g of 99.9% deuterium oxide 
(^HjO) per kg of body weight. Saliva samples were obtained 
predose and 4 hours postdose by using absorbent salivettes at 
least 30 minutes after the last ingestion of food or drink and 
then stored frozen at — 30°C, as described in detail elsewhere 
(18). The samples were shipped to the United Kingdom for 
analysis in duplicate with mass spectrometry, by use of the 
equilibration method (Delta plus XP; Thermofisher Scientific, 
Bremen, Germany) (19). For calculation of total body water, it 
was assumed that deuterium oxide dilution space overesti- 
mated total body water by a factor of 1 .044 (17). Correction 



was made for dilution of the dose by water intake during the 
4-hour equilibration period (17). Values for total body fluid 
were converted to lean mass (used here synonymously with 
fat-free mass), by using new reference data for the hydration 
of lean tissue (20). Fat mass was calculated as the difference 
of lean mass and weight. Both fat mass and lean mass were 
then adjusted for height to give the fat mass index and lean 
mass index, both expressed in the same kg/m^ units as body 
mass index (21, 22). Pubertal stage was assessed by Tanner 
staging, by use of line drawings. The 2 scores, each ranging 
from 1 to 5, were summed and the summed score analyzed. 

Physical activity 

Adolescent physical activity was assessed by using GTIM 
accelerometers (ActiGraph, Pensacola, Florida). The acceler- 
ometer was presented during the initial home interview and 
placed on the left side of the waist. In addition, an instruction 
sheet for the accelerometers including a diary was left at the 
participant's home at the time of the interview. Participants 
were instructed to record if they did not wear the monitor for 
any period > 1 hour during the day. Subjects wore the monitors 
from Wednesday to Monday and were encouraged to wear 
them 24 hours per day, except when showering, bathing, or 
swimming. 

Blood pressure 

Blood pressure was measured while the participant was 
seated, by using an HEM-629 digital portable wrist monitor 
(Omron Healthcare, Inc., Bannockbum, Illinois) in combina- 
tion with a standard cuff size at the beginning and end of the 
interview (60 minutes apart). This monitor has been validated 
against a mercury sphygmomanometer in Brazilian adoles- 
cents (23). The mean value was used in analyses. 

Statistics 

Weight and height standard deviation (SD) scores for early 
growth data were calculated by using World Health Organi- 
zation (WHO) reference curves. Preliminary analyses indi- 
cated differences between firstborns and later borns but not 
between secondborns and thirdboms, as was the case in a sim- 
ilar prior analysis (13). The analyses therefore compared first- 
boms with all later boms. Preliminary analyses also considered 
whether the results changed if mothers aged <18 years or 
those with a high birth order of >4 were excluded. These 
factors did not alter the findings significantly, and therefore 
no such exclusions were applied to the full analyses. 

Crude differences between firstborn and later-bom individ- 
uals were assessed by chi-square tests, independent-sample 
t tests, or Mann- Whitney tests. To take into account other vari- 
ables, we used regression analysis with a succession of models. 
Following unadjusted analyses, model 1 adjusted for mater- 
nal factors (age, height, body mass index, educational level, 
family income), as well as offspring sex. Model 2 further 
adjusted for birth weight z score, weight and length SD scores 
at 4 years, and the physical activity level at 13.3 years. Con- 
ditional growth between birth and 4 years was calculated as 
recommended by Keijzer-Veen et al. (24), by calculating 
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Table 1. Description of the Sample in Terms of Birtli Order, Sex, Growtii Patterns in Early Life, Maternal Age, and 
Family Income Among Brazilian Firstborn and Later-born Adolescents in the 1993 Pelotas Birth Cohort 



Variable 



Study Subset 



Full Cohort 



No. 



% 



Mean (SD) 



No. 



Mean (SD) 



P Value 



Categorical 

Birth order 

Firstborns 

Others 

Sex 

Male 

Female 

Total 

Numerical 

Maternal age, years 

Family income 

(minimum wages)^ 

Birth weight z score 

Birth length z score 



143 
310 

237 

216 
453 



31.6 
68.4 

52.3 

47.7 
100.0 



26.3 (6.2) 
3.0 (4.0) 

-0.18 (1.16) 
-0.36 (1 .22) 



1,843 
3,406 



64.9 



2,606 49.7 

2,642 50.3 
5,249 100.0 



26.0 (6.4) 
4.3 (5.8) 

-0.35 (1.28) 
-0.53 (1 .35) 



0.10 



0.24 



1.00 

0.32 
0.22 

0.01 
0.01 



Abbreviation: SD, standard deviation. 
^ 1 .0 Brazilian real = 0.63000 US dollar. 



residuals for the regression of size at 48 months on size at 
birth for each of weight and length. As preliminary results 
showed firstborns to have higher maternal height than later 
boms, we considered the possible interaction between ma- 
ternal height and birth order for predicting adolescent height, 
both with and without adjustment for birth size. 

In order to separate potential birth order associations from 
those potentially arising from family size, we reran the anal- 
yses separately for firstborns who did or did not have a sibling 
at 4 years. 



RESULTS 

Table 1 shows that the subsample included in this analysis 
(n = 453) is comparable to the remainder of the cohort stud- 
ied at 13.3 years (n = 5,249, including 1,843 firstborns) in 
terms of birth order, gender, family income, and maternal age. 
The subsample was significantly larger in body size at birth. 
However, this difference was relatively small and unlikely to 
indicate that our findings cannot be generalized to the whole 
cohort. Approximately one third (n = 143, 31.6%) of the 
subjects included in our analyses were firstborns, while 
310 were later boms, and 52.3% of the sample were males. 
Of the firstborns, 47 had siblings by 4 years. Mean height at 
13.3 years was 158 cm, mean body mass index was 20.3 kg/m^, 
mean systolic blood pressure was 111.0 mm Hg, and mean 
diastolic blood pressure was 68.6 mm Hg. 

The average weight SD score was below the WHO reference 
value at birth (mean: —0.18, 95% confidence interval (CI): 
—0.29, —0.08), but subjects were able to catch up and reach 
an SD score of 0.31 (95% CI: 0.20, 0.42) at 4 years of age. In 
terms of the height SD score, individuals were born below 
the WHO reference (mean: -0.36, 95% CI: -0.47, -0.25) 



but moved toward the reference mean, reaching —0.12 (95% 
CI: -0.23, -0.01) at 4 years of age. 

In Table 2, we present the distribution of the maternal 
variables and the child's sex according to birth order. Sub- 
jects born to older mothers were less likely to be firstborns 
(P < 0.001). Also, the mean matemal age was 23.2 years among 
firstborns and 27.7 years among the others (P < 0.001). The 
likelihood of being a firstbom was not statistically associated 
with offspring sex, family income, or matemal height. How- 
ever, the mothers of firstborns were 1.4 (95% CI: 0.1, 2.8) cm 
taller than mothers of later boms (P = 0.04), had completed 
on average 1.4 (95% CI: 0.7, 2.1) more years of education 
{P < 0.001), and had 0.8 (95% CI: -1.6, -0.1) kg/m^ 
lower body mass index {P = 0.03). Tertile analysis showed 
that the association between maternal height and offspring 
height appeared to vary by birth order. Compared with those 
in the lowest tertile for maternal height, those in the sec- 
ond and third tertiles had 5.4 (95% CI: 2.7, 8.5) and 8.1 
(95% CI: 5.2, 11.1) cm, respectively, if the child was first- 
bom and 3.5 (95% CI: 1.4, 5.7) and 6.3 (95% CI: 4.3, 8.7) cm, 
respectively, if the child was a later born. These birth-order 
differences remained similar, although the absolute values 
were slightly reduced, if birth weight was held constant. 
However, the interaction between matemal height and birth 
order in relation to adolescent height was not statistically 
significant (P = 0.53). 

Firstboms were bom significantly smaller than later boms 
(A in birth weight SD scores = -0.3 1, 95% CI: -0.54, -0.08) 
(P — 0.008) and presented significantly greater catch-up within 
the first year of life, particularly within the first 6 months 
(Figure 1). At 4 years of age, firstborns presented a mean 
weight SD score of 0.29 (95% CI: 0.05, 0.52) greater than 
later boms (P = 0.006). In terms of height (Figure 2), firstboms 
were born shorter than later borns, although not significantly 
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Table 2. Description of the Covariates (Sex, Maternal Age, Socioeconomic Status) According 
to Birtti Order (Firstborns vs. Ottiers) Among Brazilian Adolescents in the 1993 Pelotas Birth 
Cohort 



Variable 

Sex 

IVIale 

Female 
Maternal age, years 

<20 

20-34 

>35 

Maternal age, years 
Quartile of family income 

1 (poorest) 

2 

3 

4 (wealthiest) 
Family income, Brazilian reaf 
Quartile of maternal height 

1 (shortest) 

2 

3 

4 (tallest) 

Maternal height, cm 
Maternal schooling, years 
0-^ 

5-8 
>9 

Maternal schooling, years 
Maternal BMI, kg/m^ 

<18.5 

18.5-24.9 

25.0-29.9 

>30.0 
Maternal BMI, kg/m^ 



Firstborns 



58.7 
41.3 

29.4 
65.7 
4.9 



22.1 
25.0 
25.7 
27.1 



24.1 
27.7 
24.1 
24.1 



14.7 

51.8 
33.6 



10.7 
71.4 
14.3 
3.6 



Mean (SD) 



23.2 (5.9) 



4.0 (4.0) 



161.0 (7.3) 



7.6 (3.3) 



49.4 
50.7 

5.8 
81.0 
13.2 



29.4 
24.1 
26.8 
19.8 



30.3 
28.3 
24.8 
16.6 



33.3 
46.6 
20.1 



8.8 
65.3 
19.2 

6.7 



Others 



Mean (SD) 



27.7 (5.8) 



3.7 (4.1) 



159.6 (6.5) 



6.2 (3.6) 



22.2 (3.8) 



23.1 (3.9) 



P Value 

0.063^ 

<0.001^ 



<0.001'' 
0.20^ 



0.1 0'' 
0.24^ 



0.04" 
<0.001^ 



<0.001'' 
0.275 



0.034" 



Abbreviations: BMI, body mass index; SD, standard deviation. 
^ Chi-square test. 
" ftest. 

° 1 .0 Brazilian real = 0.63000 US dollar. 
Mann-Whitney test. 



so, but showed substantial catch-up growth within the first 
year of life, such that they were already significantly taller 
than later boms by 1 year of age, as well as above the refer- 
ence mean. At 4 years of age, firstborns were 0.41 SD score 
(95% CI: 0.17, 0.64) taller than later borns (P < 0.001). 

Table 3 shows that, in the unadjusted analyses, firstborns 
remained taller at 13.3 years than later borns, as well as 
presenting significantly higher blood pressure values. No 
significant crude differences were observed in terms of body 
mass index, sum of skinfolds, physical activity, or body com- 



position indicators. Firstborns were also significantly more 
advanced in terms of pubertal stage: firstborns: 7.8 (95% CI: 
7.5, 8.1); later boms: 7.4 (95% CI: 7.2, 7.6) (P = 0.05). 

After adjustment for maternal covariates and sex, the as- 
sociation of birth order with height and blood pressure per- 
sisted (Table 4). With further adjustment for birth weight 
z score, conditional weight and length at 4 years, and accel- 
erometry counts, the associations between birth order and 
either height or blood pressure were diluted, and the confi- 
dence intervals included the null value. If only adjustment 
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P = 0.035 



P = 0.006 



P = 0.010 



• Firstborn 
o Later born 



P = 0.008 



0.8 

0.6 

0.4 

8 0.2 
W 
Q 

W 0.0 
t -0.2 
-0.4 
-0.6 
-0.8 

-4 0 4 8 12 16 20 24 28 32 36 40 44 48 

Age, months 

Figure 1 . Weight standard deviation (SD) score of the World Health 
Organization Child Growth Standards and 95% confidence interval at 
birth and at 6, 12, and 48 months in Brazilian firstborn and later-born 
adolescents in the 1993 Pelotas Birth Cohort. 



for conditional weight or length at 4 years were made, the 
increment in height for firstborns disappeared (A = 0 cm, 
95% CI: -1.2, 1.2) (P = 0.99), whereas the difference in 
blood pressure remained significant (diastolic blood pressure: 
A = 1.9 mm Hg, 95% CI: 0.4, 3.4) (P 0.01) or borderline 
significant (systolic blood pressure: A = 1.9 mm Hg, 95% 
CI: -0.3, 4.1) (P ^ 0.08). If birth weight SD scores were 
added to the model with size at 4 years, the birth order asso- 
ciation with systolic blood pressure lost further significance 
although not magnitude (A = 1.9 mm Hg, 95% CI: -0.6, 4.3) 
(P = 0.14), whereas that for diastolic blood pressure remained 
significant (A = 1.9 mm Hg, 95% CI: 0.2, 3.5) (P = 0.03). 
Only in the final model 2 (Table 4), when physical activity 
was also included, did the birth order difference in diastolic 



0.4 



0.2 



g 0.0 



Q 
W 

gi 
0 
X 



-0.2 



-0.4 



-0.6 



-0.8 



P = 0.016 



P = 0.001 



P= 0.001 



• Firstborn 
o Later born 



NS 



-4 0 4 8 12 16 20 24 28 32 36 40 44 48 
Age, months 

Figure 2. Height standard deviation (SD) score of the World Health 
Organization Child Growth Standards and 95% confidence interval at 
birth and at 6, 12, and 48 months in Brazilian firstborn and later-born 
adolescents in the 1993 Pelotas Birth Cohort. NS, nonsignificant. 



blood pressure lose significance. There were no significant 
differences between birth order groups in lean mass or fat 
mass in crude or adjusted models. Our analyses therefore in- 
dicate that birth order affects blood pressure through the 
impact of early growth and physical activity, although dif- 
ferently so for the 2 blood pressure components. 

When the analyses for height and blood pressure were 
repeated separately for firstborns with or without siblings at 
4 years, the difference between firstborns and later borns 
was slightly reduced in those with siblings in terms of height 
(with sibling: A = 2.0 cm, 95% CI: -0.5, 4.6 (P = 0.12); no 
sibling: A = 2.6 cm, 95% CI: 0.7, 4.4 (P = 0.007)) and 
diastolic blood pressure (with sibling: A = 2.5 mm Hg, 
95% CI: -1.0, 6.0 (P = 0.16); no sibling: A = 3.6 mm Hg, 
95% CI: 1.0, 6.1 (P = 0.006)) but much reduced for systolic 
blood pressure (with sibling: A = 0.7 mm Hg, 95% CI: — 1 .5, 
2.8 (P = 0.54); no sibling: A = 2.3 mm Hg, 95% CI: 0.8, 3.0 
(P = 0.003)). At 4 years, firstborns with no sibling were also 
taller (height SD score = 0.2, 95% CI: 0.0, 0.4) than those 
with sibhngs (height SD score = 0.1, 95% CI: -0.3, 0.4), 
although the difference was not significant. However, none of 
the interactions (between birth order and sibling presence in 
relation to height, systolic blood pressure, or diastolic blood 
pressure) was significant. 



DISCUSSION 

The smaller birth size in firstborns shown here has been 
observed in not only humans but also other mammals such 
as mice (25), sheep (26), and seals (27). However, this early 
growth deficit was more than compensated for such that, by 
6 months, the firstborns had become heavier and taller than 
later borns, with a height difference of 2.6 cm persisting at 
13.3 years. In turn, these early slow-fast growth patterns were 
associated with greater blood pressure in firstborns, but not 
with differences in body mass index or fatness. 

Our analyses indicate that these birth order associations 
are not due to confounding by maternal factors or the sex of 
the offspring. The mothers of firstborns were 1.5 cm taller. 
Hence, it is possible that minor differences in growth po- 
tential might have become magnified during the window for 
catch-up growth. Nevertheless, birth order differences in height 
and blood pressure remained at 2-3 mm Hg, after adjustment 
for sex and maternal height. In general, differences of such 
magnitude are clinically important (28). 

With further adjustment for early growth patterns and phys- 
ical activity, the associations of birth order with height prac- 
tically disappeared. This is not surprising as the literature 
strongly suggests that adolescent and adult height deficits are 
largely explained by growth patterns in early childhood (29). 
Associations between birth order and blood pressure were re- 
duced by about 0.5 mm Hg after such adjustment, and the 
confidence interval of these differences included the null 
value. This indicates that these factors partly contribute to the 
mechanisms whereby birth order is associated with later blood 
pressure. Early growth appeared more important for systolic 
blood pressure, and activity patterns seemed more important 
for diastolic blood pressure. Further work is required to 
understand these contrasting findings in more detail. We 
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Table 3. Outcomes at 1 3.3 Years According to Birth Order Among Brazilian Adolescents in the 
1993 Pelotas Birth Cohort 



Mean (SD) 



Variable 


Firstborns (n = 1 43) 


Others (n = 310) 


P Value 


Height, cm 


159.6 (7.8) 


157.0 (8.5) 


0.002* 


BMI, kg/m^ 


20.3 (3.3) 


20.3 (4.0) 


0.834* 


Sum of skinfolds, mm 


25.4 (12.0) 


25.4 (13.7) 


0.998* 


Accelerometry, 1 ,000 counts 


384 (142) 


401 (149) 


0.274" 


Accelerometry, minutes/week MVPA 


485 (218) 


515(218) 


0.132" 


Systolic blood pressure, mm Hg 


113.4 (13.9) 


109.8 (14.0) 


0.011* 


Diastolic blood pressure, mm Hg 


70.7 (12.0) 


67.7 (10.8) 


0.009* 


Lean mass, kg 


39.3 (7.4) 


38.6 (7.0) 


0.307* 


Fat mass, kg 


11.9 (7.1) 


11.8 (7.9) 


0.937* 


Lean mass index, kg/m^ 


15.4 (1.9) 


15.6 (1.9) 


0.452* 


Fat mass index, kg/m^ 


4.7 (2.7) 


4.8 (3.0) 


0.792* 



Abbreviations: BMI, body mass index; IVIVPA, moderate-to-vigorous physical activity; 
SD, standard deviation. 
* ftest. 

" l\4ann-Whitney test. 



previously observed reduced activity levels in firstborns in 
this cohort at 11 years and suggested that the number of 
siblings might explain this association (30). 

Several other studies have shown firstborns to have a ten- 
dency to overcompensate in catch-up growth and to become 
taller by adolescence and adulthood (11-13). Whether the 
smaller birth size of small-for-gestational-age infants tracks 
into later life is strongly dependent on the magnitude of early 
catch-up during the first 6-12 months (31), in other words, 



a "critical window." This might account for the findings of 
Hermanussen et al. (10), who found that firstborns remained 
shorter than their peers in adulthood. The opportunity for 
catch-up may have been diminished in this population stud- 
ied in the aftermath of World War II, causing early deficits to 
track into adulthood. 

Elsewhere, early catch-up growth has been associated with 
increased adiposity in firstborns. Firstborns had greater cen- 
tral adiposity by 5 years in the Avon Longitudinal Study of 



Table 4. Adjusted Analyses for Outcomes at 1 3.3 Years According to Birth Order Among Brazilian Adolescents in the 1 993 Pelotas Birth Cohort' 







Unadjusted 






Model 1" 






Model 2° 




Variable 


Firstborns 


P Value 


Firstborns 


P Value 


Firstborns 


P Value 




Coefficient 


95% CI 


Coefficient 


95% CI 


Coefficient 


95% CI 


Height, cm 


2.6 


1.0, 4.2 


<0.01 


2.1 


0.5, 3.8 


0.01 


0.4 


-0.9, 1.7 


0.57 


BMI, kg/m^ 


-0.1 


-0.8, 0.7 


0.83 


0.1 


-0.7, 0.9 


0.80 


-0.2 


-0.9, 0.5 


0.67 


Sum of skinfolds, mm 


0.0 


-2.6, 2.6 


1.00 


0.9 


-1.8, 3.7 


0.51 


0.2 


-2.7, 3.1 


0.91 


Accelerometry, 1,000 
counts 


-17.3 


-48.8, 14.2 


0.28 


-22.6 


-55.3, 10.2 


0.18 


-16.9'' 


-47.6, 13.8 


0.28 


Accelerometry, 
minutes/week MVPA 


-30 


-77, 17 


0.21 


-39 


-88, 10 


0.12 


-38" 


-85, 8 


0.11 


Systolic blood pressure, 
mm Hg 


3.5 


1.2, 5.7 


<0.01 


2.5 


0.4, 4.7 


0.02 


2.0 


-0.7, 4.7 


0.14 


Diastolic blood pressure, 
mm Hg 


2.0 


0.7, 3.4 


<0.01 


2.1 


0.7, 3.6 


0.01 


1.5 


-0.3, 3.2 


0.10 


Lean mass, kg 


0.77 


-0.71,2.26 


0.31 


0.10 


-1.43, 1.63 


0.90 


-0.66 


-2.30, 0.97 


0.43 


Fat mass, kg 


0.06 


-1.53, 1.66 


0.94 


0.57 


-1.07, 2.21 


0.50 


-0.10 


-1.71, 1.50 


0.90 



Abbreviations: BMI, body mass index; CI, confidence interval; MVPA, moderate-to-vigorous physical activity. 
* Reference group: nonfirstborn. 

" Model 1: adjusted for confounders (maternal age, maternal height, maternal BMI, smoking during pregnancy, family income, and sex). 
° Model 2: adjusted for model 1 variables plus zscore of birth weight, conditional weight and length at 48 months, and physical activity (counts) at 
13.3 years. 

Not adjusted for physical activity (counts) at 13.3 years. 
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Pregnancy and Childhood (ALSPAC) cohort (7) and increased 
weight and body mass index in teenage girls from Poland (32). 
Birth order enhanced associations of socioeconomic status with 
central adiposity in young adult males from the Philippines 
(33). In adults, increased total and central adiposity was 
observed in firstbom Bengali women (12) and Brazilian men 
(13). In our study, however, birth order differences in adi- 
posity were not apparent. This is consistent with several re- 
cent studies in developing countries, where infant catch-up 
appears beneficial for later height and lean mass but much 
weaker in association with adiposity (34, 35), whereas in 
industrialized populations, rapid growth is associated with 
later adiposity (36, 37) and obesity (38, 39). Such differences 
may also be due to variation in the duration of catch-up 
growth. 

Other studies have suggested family size associations with 
growth. Among Da-an boys of Taiwan, boys without sisters 
were ~2.5 cm taller and ~3.5 kg heavier than those with 1 or 
2 sisters (40). A study of Cairo children showed that boys in 
smaller family sizes were taller and heavier than those of 
larger family sizes, but with no specific birth-order associa- 
tion (41). In the ALSPAC cohort, family size was negatively 
related to height, so that compared with children lacking 
siblings, those with 4 siblings had 0.9 cm lower birth length 
and 3.1 cm reduced height at age 10 years (42). In our study, 
firstborns without a sibling achieved greater height by 4 years 
and had the highest values for height and blood pressure at 
13.3 years. However, these differences were not significant, 
and the association with family size appears much less im- 
portant than that with early growth patterns for explaining the 
birth-order difference in height and systolic blood pressure. 

The strengths of the study include the prospective nature 
of the early growth data, the relatively large sample size, and 
the objective measurements of body composition and phys- 
ical activity level. The main limitations comprise the def- 
inition of birth order according to previous pregnancies and 
the lack of information about sibhngs. However, our definition 
of "firstborn" would tend to a conservative estimate of any 
differences, because some individuals may have been classi- 
fied as secondbom despite the previous pregnancy's not per- 
sisting long enough to affect uterine physiology. A second 
limitation is that we did not adjust our study for multiple 
comparisons. However, we believe this approach is accept- 
able, as previously published studies have reported associa- 
tions of birth order with all the outcomes we considered here. 

Our findings are important in understanding the pathways 
whereby early growth patterns are associated with later degen- 
erative disease. There is little reason to assume that maternal 
nutritional status itself varies substantially across successive 
pregnancies in this population, where undernutrition is prac- 
tically nonexistent. Many components of maternal phenotype 
(e.g., height, uterine volume) are relatively consistent across 
the reproductive career and reflect early maternal growth and 
development. Other components of phenotype may change 
modestly across pregnancies, such as body weight and ad- 
ipose tissue distribution (43, 44). The primary shift in fetal 
growth pattern occurs between the first and second pregnan- 
cies (8) and appears attributable to changes in uterine vascular 
function (9) rather than to drastic changes in maternal nu- 
tritional status. The reduced birth size of firstborns therefore 



appears due to reduced access to maternal resources rather 
than the inadequacy of those resources. 

Our findings therefore do not support the predictive adap- 
tive response hypothesis (45), which attributes associations 
between early growth and later metabolic phenotype to pro- 
active "anticipation" of future breeding conditions. It is dif- 
ficult to see how or why firstborns should generate different 
predictions of future environmental conditions than their later- 
born peers, given a common maternal phenotype. Instead, our 
findings are consistent with the maternal capital hypothesis 
(46), and they indicate that firstborns have reduced access to 
the maternal nutritional supply during pregnancy, resulting in 
their smaller size at birth. Firstborns can undergo rapid com- 
pensatory growth during infancy but at a cost of long-term 
associations with blood pressure. The greater sensitivity of 
firstborns to factors promoting catch-up could be addressed 
in nutritional management to avoid catch-up "overshoot." 
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